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 ,QWURGXFWLRQ
&/60 LV GHILQHG E\ $&, &RPPLWWHH >@ DV IORZDEOH FHPHQWLWLRXV VOXUU\ WKDW UHVXOWV LQ D FRPSUHVVLYH
VWUHQJWKRI03DRUOHVV&/60DSSOLFDWLRQVUHTXLUHXQFRQILQHGFRPSUHVVLYHVWUHQJWKVLQWKHUDQJHRI03DRU
OHVVVRDVWRDOORZIXWXUHH[FDYDWLRQRISUHYLRXVO\ODLGVXUIDFHVIRUDOWHUDWLRQVDVWKHQHHGDULVHV7KHXSSHUOLPLWRI
03D DOORZV XVLQJ WKLV PDWHULDO IRU VWUXFWXUDO ILOO XQGHU EXLOGLQJV ZKHUH IXWXUH H[FDYDWLRQ LV XQOLNHO\ &/60
UHTXLUHV QR FRPSDFWLRQ FRQVROLGDWLRQ RU FXULQJ WR DFKLHYH WKH GHVLUHG VWUHQJWK XQOLNH VRLO FHPHQW DQG RIIHUV D
GLUHFWPHDQV WRXWLOL]HZLGH VSHFWUXPRIZDVWHPDWHULDOVZKLFKRWKHUZLVHSRVHDSUREOHP WRHQYLURQPHQW LQ WKHLU
VDIH GLVSRVDO &/60 LV D FRPELQDWLRQ RI ILQH RU FRDUVH DJJUHJDWHV FHPHQW SR]]RODQLF PDWHULDOV ZDWHU DQG
DGPL[WXUHV 1DWXUDO VDQG DV ILQH DJJUHJDWH LV WKH PDMRU FRPSRQHQW IRU PRVW RI &/60 PL[HV SURGXFHG &/60
EHQHILWV DUH UHGXFHG ODERU UHTXLUHPHQW FRPSDUHG WR FRPSDFWHG HDUWK ILOO VSHHG\ FRQVWUXFWLRQ HDV\ SODFHPHQW LQ
LQDFFHVVLEOH]RQHVDQGWKHDELOLW\WRPDQXDOO\UHH[FDYDWHIRU UHOD\LQJXWLOLWLHVLIUHTXLUHG
*\SVXP ZDOO ERDUGV GU\ZDOOV DUH ZLGHO\ XVHG LQ YDULRXV FRQVWUXFWLRQ DFWLYLWLHV IRU PDQ\ XVHIXO UHDVRQV
:DVWHG J\SVXP ZDOO ERDUGV UHVXOWLQJ HLWKHU GXH WR QHZ FRQVWUXFWLRQ DFWLYLW\ RU GHPROLWLRQ RI DQ H[LVWLQJ ROG
EXLOGLQJ DUHXVXDOO\GXPSHGQHDUE\ URDGVLGHZKLFKHYHQWXDOO\JHW WUDQVSRUWHG WRQHDUE\ ODQGILOOV ,W LV UHSRUWHG
WKDWWKHVHGU\ZDOOVUHOHDVHKDUPIXO+6JDVWRWKHDWPRVSKHUHXQGHUFHUWDLQDQDHURELFDQGWHPSHUDWXUHFRQGLWLRQV>±
@+HQFH LW EHFRPHVQHFHVVDU\ IURPSXEOLF KHDOWKSRLQW RI YLHZ WR UHXVH WKHVHZDVWHGGU\ZDOOV DQG DYRLG WKHLU
SUHVHQFHLQODUJHTXDQWLWLHVDWODQGILOOV ,QOLWHUDWXUH >@ SRZGHUHGGU\ZDOOVZHUHXVHGDVDELQGHUDORQJZLWKFHPHQW
DQG&ODVV&IO\DVK WRSURGXFHFRQFUHWH0D[LPXP  E\ZHLJKW UHSODFHPHQWWRELQGHUZDVUHFRPPHQGHGDV
KLJKHUGRVDJHVRIWKHVHGU\ZDOOVZHUH GHWULPHQWDOWRFRQFUHWH 7KLVHQVXUHGRQO\OHVVHUXVDJHRIGU\ZDOOVEXWXVDJH
LQ WHUPV RI ODUJH TXDQWLWLHV ZDV WKH RQO\ VROXWLRQ WR UHGXFH KDUPIXO HIIHFWV RI WKHVH GU\ZDOOV ,Q OLWHUDWXUH >@
SRZGHUHG J\SVXPZDOOERDUGV3*3 ZHUHXVHGDV DELQGHUWRSURGXFH&/60DORQJZLWKVPDOOTXDQWLW\RIFHPHQW
DQGODUJHTXDQWLWLHVRI&ODVV)IO\DVK ±E\ZHLJKW UHSODFHPHQWWRELQGHUZDVDFKLHYHGDQG&/60
PL[HV IURP ORZ WR KLJK VWUHQJWK¶V ZHUH JHQHUDWHG 7KRXJK WKH GU\ZDOOV ZHUH XWLOL]HG LQ ODUJH TXDQWLWLHV WKHLU
GHWULPHQWDOHIIHFWVRQ&/60ZHUH UHSRUWHG WKDWGD\VVWUHQJWKUHGXFHGE\ WR ZKHQFRPSDUHGZLWK
GD\VVWUHQJWK
6WRQH TXDUU\ZDVWHV DUH SURGXFHGZKLOH FXWWLQJ KXJH TXDUU\ URFNV WR WKH GHVLUHG VKDSHV 6WRQH GXVW ILQHV DUH
GLVSRVHGRQODQGDQGDUHDPDMRUHQYLURQPHQWDOKD]DUGLQXUEDQDUHDVDQGUDQGRPGLVSRVDORIVWRQHGXVWILQHVPD\
OHDG WR KHDOWK KD]DUGV >@+HQFH LW LV QHFHVVDU\ WR UHXVH WKLV VWRQH GXVW LQ ODUJH TXDQWLWLHV DQG DOVR UHGXFH WKH
EXUGHQRQ ODQGILOOV 0DQ\ OLWHUDWXUHVDUHDYDLODEOHRQXVHRIVWRQHGXVW LQ&/60 >@FRQFUHWHV >@ DQGPRUWDUV
>@*URXQG JUDQXODWHGEODVW IXUQDFH VODJ **%6 LV DQ LQGXVWULDO E\SURGXFW DQG LWV XVH LQ FRQFUHWH LQGXVWU\ LV
UHFRJQL]HGE\/HDGHUVKLS LQ(QHUJ\ DQG(QYLURQPHQWDO'HVLJQ /(('+HQFHXVHRI**%6 LQ&/60ZLOO DGG
SRLQWVWRZDUGV/(('FHUWLILFDWLRQDQG LPSURYH WKHVXVWDLQDELOLW\RIWKHSURMHFW **%6LVZLGHO\XVHGDVVHFRQGDU\
FHPHQWLWLRXVPDWHULDOLQ&/60 >@SR]]RODQLFFHPHQWV >@ DQGFRQFUHWHV >@
,QWKLVSDSHUH[SHULPHQWDOVWXGLHVRQQHZ&/60PL[HVZHUHSHUIRUPHGXVLQJWKHDERYHGHVFULEHGZDVWHVERWK
DV ELQGHUV DQG ILOOHUV LQ ODUJH TXDQWLWLHV &/60PL[HV ZHUH SURGXFHG IRU&0  SURSRUWLRQ DQG QDPHG DV**
VHULHV $ QRYHO WHUQDU\ ELQGHU EOHQG FRPSULVLQJ RI FHPHQW  JURXQG JUDQXODWHG EODVW IXUQDFH VODJ  SRZGHUHG
J\SVXPZDOOERDUGVDVELQGHUDQGVWRQHGXVWDVILOOHULQFRPSOHWHUHSODFHPHQWWRQDWXUDOVDQG ZDV H[DPLQHG )UHVK
DQGKDUGHQHGSURSHUWLHVVXFKDVVSUHDGIORZ0DUVKIORZ DQG XQFRQILQHGFRPSUHVVLYHVWUHQJWK DWLQFUHDVLQJDJHVRI
DQGGD\VZHUH LQYHVWLJDWHG 7RDFWLYDWH WKHELQGHUEOHQGRI**%63*3IHZ DGGLWLRQDO PL[HVZHUH
SUHSDUHGXVLQJVRGDDVKDVDQDFWLYDWRUDQGWKHUHVXOWVZHUHFRPSDUHGZLWKWKHPL[HVSUHSDUHGZLWKRXWVRGDDVK ±
E\ZHLJKWRIWRWDOELQGHUFRQWHQW ZDVFRPSRVHGRI3*3**%6DQG±E\ZHLJKWRIWRWDO
ELQGHUFRQWHQWZDVUHSODFHGE\3*3,WZDVIRXQGWKDW VRGDDVKDVDQ DFWLYDWRUKDYHQRDSSUHFLDEOHLPSDFWRQWKH
VWUHQJWKUHVXOWVDQGWKHODWHUDJHVWUHQJWKV RI&/60PL[HVZLWKE\ZHLJKWZDWHUFRQWHQWV UHGXFHGDIWHU
GD\VGXH WR XVHRI J\SVXPZDOO ERDUGV >@ 5HGXFHG FRPSUHVVLYH VWUHQJWKV ZDV QRW REVHUYHG DW GD\V DJH IRU
&/60PL[HVRIE\ZHLJKWZDWHUFRQWHQWV RQO\
3UHGLFWLYH IORZ DQG VWUHQJWK SKHQRPHQRORJLFDO PRGHOV >@ ZHUH GHYHORSHG EDVHG RQ ZLGH UDQJH RI
H[SHULPHQWDOUHVXOWV7KHVHPRGHOVZHUHFRPSDUHGZLWKLQGHSHQGHQWVHWRIH[SHULPHQWDOUHVXOWVDQGIRXQGWKDWWKH
SUHGLFWLRQVDUHDFFHSWDEOHZLWKLQDFFXUDF\UDQJHUHTXLUHGIRUHQJLQHHULQJGHFLVLRQV $VGHVFULEHGLQOLWHUDWXUHVWKH
EHQHILW RI WKHVH SUHGLFWLYHPRGHOV ZRXOG EH VDYLQJ LQ WLPH DQG HIIRUW LI RQH KDV WR GHVLJQ WKHPL[ IRU GLIIHUHQW
SURSRUWLRQVDW DQ\SRLQWRI WLPH3UHSDUDWLRQRIRQO\RQH WULDOPL[DW WKH UHIHUHQFHYDOXH LVQHFHVVDU\ VR WKDW WKH
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& DQG **%6LQYDU\LQJ**%6&
*URXQGJUDQXODWHGEODVW IXUQDFHVODJ WRFHPHQW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 3UHGLFWLYHIORZDQGVWUHQJWKPRGHOV
3KHQRPHQRORJLFDOPRGHOVDVGHVFULEHGLQ OLWHUDWXUHV >@ ZHUHGHYHORSHGXVLQJWKHIORZDQGVWUHQJWKUHVXOWV
RI******DQG**&/60PL[HVRQO\ ,QWKHGHYHORSPHQWRIIORZPRGHODOOIORZYDOXHVZHUHQRUPDOL]HG
ZLWKUHVSHFWWRDUHIHUHQFHIORZYDOXHDWZ E\ZHLJKW 7KHQRUPDOL]HGYDOXHVZHUHSORWWHGDQGLOOXVWUDWHGLQ
)LJ  D WKHWUHQGOLQHHTXDWLRQUHSUHVHQWVWKHIORZPRGHO LQWHUPVRI5)$ ,QWKHGHYHORSPHQWRIVWUHQJWKPRGHO
DOOVWUHQJWKYDOXHVDWUHVSHFWLYHDJHVZHUHQRUPDOL]HGZLWKUHVSHFWWRDUHIHUHQFHVWUHQJWKYDOXHDW%Z ELQGHU
WRZDWHUUDWLR7KHQRUPDOL]HG YDOXHVZHUHSORWWHGDQGLOOXVWUDWHGLQ)LJ  EWKHWUHQGOLQHHTXDWLRQV UHSUHVHQWWKH
VWUHQJWK PRGHOLQWHUPVRI %ZUDWLR
)LJD*HQHUDOL]HGIORZPRGHOE*HQHUDOL]HGVWUHQJWKPRGHOV
7KHJHQHUDOL]HGIORZPRGHOIRU**VHULHVLV³^5)$5)$#Z ` Z´7KHJHQHUDOL]HGVWUHQJWK
PRGHOVIRU** VHULHVDWDQGGD\VDUH ³^66#%Z ` %Z ± ´ ³^66#%Z ` 
%Z´ ³^66#%Z `  %Z´ ³^66#%Z `  %Z´
UHVSHFWLYHO\
 9DOLGDWLRQRISUHGLFWLYHPRGHOV
7KH H[SHULPHQWDO UHVXOWV RI ** VHULHV ZHUH FRPSDUHG ZLWK WKH SUHGLFWHG YDOXHV IURP IORZ DQG VWUHQJWK
SKHQRPHQRORJLFDO PRGHOV )LJ  LOOXVWUDWHV WKH YDOLGDWLRQ RI WKH SUHGLFWHG PRGHOV ZLWK UHVSHFW WR H[SHULPHQWDO
UHVXOWV7KHSUHGLFWHGIORZYDOXHZDVFDOFXODWHGXVLQJWKHIORZRI**PL[DWWKHUHIHUHQFHYDOXHZ RIWKH
PRGHO7KLVIORZYDOXHLQWHUPVRI5)$ZDVVXEVWLWXWHGLQGHQRPLQDWRURI/+6RIWKHJHQHUDOL]HGIORZHTXDWLRQ
DQG5)$DWUHTXLUHGZDWHUFRQWHQWVZHUHFDOFXODWHG 6LPLODUDSSURDFKZDVDGRSWHGWRSUHGLFWVWUHQJWKYDOXHV ,WLV
REVHUYHGWKDWWKHSUHGLFWHGYDOXHVDUHZLWKLQWKHUDQJHUHTXLUHGIRUHQJLQHHULQJGHFLVLRQV+HQFHWKHXVXDOPXOWLSOH
WULDODQGHUURUSURFHVVWR SURSRUWLRQ&/60PL[LIUHTXLUHGLQIXWXUHXVLQJVDPHLQJUHGLHQWVLQSURSRUWLRQ FDQ
EH UHGXFHG WR D VLQJOH WULDO 7KH UHVXOWV DQGPRGHOV DUH JHQHUDWHG XVLQJ WKHVH ZDVWH PDWHULDOV IURP D SDUWLFXODU
VRXUFH LQ&0SURSRUWLRQ ,I WKHSURSRUWLRQV DUH FKDQJHG WKH VORSHRI WKH WUHQG OLQH DQGKHQFH WKHSUHGLFWHG
YDOXHVPD\EHGLIIHUHQWVLQFHWKHZDWHUGHPDQGDQGVXEVHTXHQWVWUHQJWKGHYHORSPHQWRI&/60PL[HVZLOOYDU\
 5HVXOWVDQGGLVFXVVLRQV
7KHXQFRQILQHG FRPSUHVVLYH VWUHQJWK UHVXOWV DUH LOOXVWUDWHG LQ )LJ  DQG ,WZDVREVHUYHG WKDW WKH VWUHQJWK
LQFUHDVHGDW LQFUHDVLQJDJHVRIDQGGD\VIRUDOO WKH&/60PL[HV7KHVWUHQJWKYDOXHVUHGXFHGDIWHU
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GD\V LH DW WKH DJH RI  GD\V IRU&/60PL[HV RI KLJKHUZDWHU FRQWHQWV RI  	 DQG  7KLV UHGXFHG
FRPSUHVVLYHVWUHQJWKYDOXHVLVGXHWRWKHSUHVHQFHRIVXOIDWHVLQGU\ZDOOVXVHGUHIHU7DEOHDQGWKHLUGHWULPHQWDO
HIIHFWVRQKDUGHQHG&/60VSHFLPHQVOHDGLQJWRH[SDQVLYHFUDFNV6LPLODUEHKDYLRUZDVREVHUYHGLQWKHOLWHUDWXUH
>@ IRU&/60PL[HVSURGXFHGXVLQJWKHELQGHUEOHQGRIFHPHQW&ODVV)IO\DVKSRZGHUHGJ\SVXPZDOOERDUG
'HFUHDVHLQVWUHQJWKYDOXHVZHUHQRWREVHUYHGIRU&/60PL[HVKDYLQJWKHORZHVWZDWHUFRQWHQWRI+HQFHLW
PD\EHQRWHGWKDWELQGHUEOHQGRIFHPHQW**%6GU\ZDOOVDQGOHVVHUZDWHUFRQWHQWVDUHHIIHFWLYHLQUHVLVWLQJWKH
GHWULPHQWDOHIIHFWVRIVXOIDWHVSUHVHQWLQGU\ZDOOV$ERXWRIPD[LPXPVWUHQJWKJDLQHG
ZDVREVHUYHG DW   DQGGD\V UHVSHFWLYHO\$ERXW  UHGXFWLRQ LQ VWUHQJWKZLWK UHVSHFW WRGD\ DJH
VWUHQJWKZDVREVHUYHGDWGD\DJH
)LJ D9DOLGDWLRQRISKHQRPHQRORJLFDOPRGHOIRUIORZE9DOLGDWLRQRISKHQRPHQRORJLFDOPRGHOIRUVWUHQJWK
)LJD6WUHQJWKYDULDWLRQVDWZ E6WUHQJWKYDULDWLRQVDWZ 
)LJD6WUHQJWKYDULDWLRQVDWZ E6WUHQJWKYDULDWLRQVDWZ 
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&RPSDUHGWROLWHUDWXUH >@**VHULHVPL[HVKDYHKLJKHDUO\DJHVWUHQJWK GHYHORSPHQWDQGOHVVHUSHUFHQWDJHVRI
VWUHQJWKUHGXFWLRQDWGD\VDJHGXHWRWKHSUHVHQFHRIVXOIDWHVLQJ\SVXPZDOOERDUG7DEOHJLYHVWKHDYHUDJH
VWUHQJWK UHVXOWV IRU**$ DQG**$ VHULHV &/60PL[HV ZLWK VRGD DVK DV DQ DFWLYDWRU0DUJLQDO LQFUHDVH LQ
VWUHQJWKYDOXHVRI&/60PL[HVZLWKVRGDDVKPD\QRWEHQHFHVVDU\IRUXVXDODSSOLFDWLRQVRI&/60
7KH DYHUDJHIORZUHVXOWVDUHJLYHQLQ )LJ )ORZYDOXHVLQWHUPVRI5)$ IRU **VHULHVPL[HV YDULHGIURP 
 0RVW RI WKH PL[HV KDYH 5)$ LQ WKH UDQJH  >@ UHTXLUHG IRU VHOI IORZLQJ DQG OHYHOLQJ FRQVLVWHQF\
,QFUHDVH LQ ZDWHUGHPDQGZDVREVHUYHGIRUPL[HVZLWKKLJKHUGRVDJHVRIGU\ZDOOV**%6 DQGVWRQHGXVW 7KLVLV
GXHWRKLJKVXUIDFHDUHDDQGILQHSDUWLFOHVL]HVRIDOOWKHLQJUHGLHQWVLQYROYHG 0DUVKIORZWLPH YDULHGIURPWR
VHFRQGVIRUZDWHUFRQWHQWRIE\ZHLJKWRIWRWDOPL[WXUHZHLJKWLQDOOPL[HVDQG]HUR0DUVKIORZWLPHZDV
UHFRUGHG IRU UHPDLQLQJ ZDWHU FRQWHQWV 6LPLODU EHKDYLRU RI &/60 PL[HV ZDV REVHUYHG LQ 0DUVK IORZ WLPH RI
&/60PL[HVFRQWDLQLQJELQGHUEOHQGRIFHPHQW&ODVV)IO\DVKSRZGHUHGJ\SVXPZDOOERDUG >@ &RPSDUHGWR
OLWHUDWXUH >@**VHULHVPL[HVKDYHUHGXFHG 0DUVKIORZWLPH IRU KLJKHUGRVDJHVRIGU\ZDOOV**%6DQGVWRQHGXVW
)LJ)ORZYDULDWLRQVRI&/60PL[HV
7DEOH  $YHUDJHVWUHQJWKUHVXOWVIRU**DQG**VHULHV&/60PL[HVZLWKVRGDDVKDVDQDFWLYDWRU
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 &RQFOXVLRQV
7KHIROORZLQJFRQFOXVLRQVDUH GUDZQ RQWKHEDVLVRIWKHUHVXOWVSUHVHQWHGLQWKLVSDSHU
x &/60PL[HVFRPSULVLQJWHUQDU\ELQGHUEOHQGRIFHPHQWJURXQGJUDQXODWHGEODVWIXUQDFHVODJSRZGHUHG
J\SVXP ZDOO ERDUG UHSRUWHG UHGXFHG FRPSUHVVLYH VWUHQJWK YDOXHV DIWHU  GD\V DJH 7KH UHGXFWLRQ LQ
VWUHQJWKZDVQRWREVHUYHGIRUPL[HVZLWKZDWHUFRQWHQWRI$ERXW WR RIVWUHQJWKUHGXFWLRQ
ZDVREVHUYHGIRU PL[HVZLWKZDWHUFRQWHQWVRIDQGUHVSHFWLYHO\
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x 8VHRI**%6LQVWHDGRI&ODVV)IO\DVK DORQJZLWKFHPHQWDQGVWRQHGXVW LVUHFRPPHQGHGIRUSURGXFWLRQRI
&/60PL[HVZLWKOHVVHUZDWHUFRQWHQWVWRHIIHFWLYHO\RYHUFRPHWKHGHWULPHQWDOHIIHFWVRI VXOIDWHVSUHVHQWLQ
GU\ZDOOV 7KH OHVVHU ZDWHU FRQWHQW UHTXLUHGPD\ EH GHWHUPLQHG EDVHG RQ WKH VHOI IORZ DQG FRQVROLGDWLRQ
FULWHULDRIDSDUWLFXODUDSSOLFDWLRQ
x :DVWHGGU\ZDOOVXVHLQ&/60ZLOO UHGXFH SROOXWLRQRIDWPRVSKHUHGXHWRUHOHDVHRI+6JDVDWODQGILOOV
x :DWHUGHPDQGRI&/60PL[HVLQFUHDVHGGXHWRXVHRIGU\ZDOOV**%6DQGVWRQHGXVWLQODUJHTXDQWLWLHV
x 7KHVSUHDGIORZDQG0DUVKIORZWLPHIRU**%6EDVHG&/60PL[HVUHGXFHGZKHQFRPSDUHGWR&ODVV)IO\
DVKEDVHGPL[HVDQG0DUVK IORZ WLPHZDV UHFRUGHGRQO\ IRUPL[HVRIZDWHUFRQWHQWV DVRWKHUZDWHU
FRQWHQWVUHVXOWHGLQ]HURIORZ
x 8WLOL]DWLRQRI**%6GU\ZDOOVDQGVWRQHGXVWZKLFKDUHE\SURGXFWVDQGZDVWHPDWHULDOVZLOO UHGXFH WKH
EXUGHQRQODQGILOOVDQGKHQFHDGGWRVXVWDLQDELOLW\RIWKHFRQFUHWHLQGXVWU\
$FNQRZOHGJHPHQWV
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